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Homosexual transmission remains a major mode of contamination in developed countries. Early virological and immuno-
logical events in lymphoid tissues are known to be important for the outcome of HIV infections. Little data are available,
however, on viral dissemination during primary rectal infection. We therefore studied this aspect of rectal infection in rhesus
macaques inoculated with the biological isolate SIVmac251. We show that infection is established initially in lymph nodes
draining the rectum. Infected cells and virions are localized mainly in germinal centers at that stage. With increasing viral
burden, infected cells are found throughout the lymph node parenchyma. In addition the difference in viral load between
lymph nodes draining the rectum and other lymph nodes is attenuated or abolished. We discuss this pattern of viral
dissemination with respect to the physiology of the mucosal immune system. The pattern and kinetics of viral dissemination
after rectal infection have important implications for the development of efficient mucosal vaccines. © 1999 Academic Press
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aINTRODUCTION
Despite the importance of mucosal transmission of
IV (Holmberg et al., 1989; Royce et al., 1997), few stud-
es have evaluated the early viral events after mucosal
nfection. A knowledge of these events could orient strat-
gies in the development of mucosal vaccines. Such
nowledge also would help our understanding of the
athogenesis of HIV infection. Indeed virologic and im-
unological events during primary HIV and SIV infection
re major determinants of progression to AIDS (Le Grand
t al., 1992; Piatak et al., 1993; Chakrabarti et al., 1994a;
oag et al., 1994; Jurriaans et al., 1994; Rosenberg et al.,
994; Baskin et al., 1995; Henrard et al., 1995; Hirsch et
l., 1996; Mellors et al., 1996; Lifson et al., 1997; Pantaleo
t al., 1997).
The sequence of viral events in lymphoid tissues after
ntravenous infection has been studied in animal models
uch as macaques infected by SIV (Chakrabarti et al.,
994a,b, 1995; Lackner et al., 1994; Baskin et al., 1995;
asseville et al., 1996) and cats infected by FIV (Bach et
l., 1994; Beebe et al., 1994). Infected cells are present in
ymph nodes (LN) as early as 4 (Chakrabarti et al., 1994b)
r 5 (Reimann et al., 1994) days p.i. with uncloned SIV-
ac251. The overall density of infected cells in LN peaks
etween 7 and 14 days p.i. in sequential studies of
ndividual animals (Chakrabarti et al., 1994a; Reimann et
1 A. Coue¨del-Courteille and C. Butor contributed equally to this work.
2 To whom reprint requests should be addressed. Fax: 33–1 44 07 14i5. E-mail: acouedel@curie.fr.
277l., 1994). Sasseville and coworkers (1996) found, on the
ther hand, that the density of infected cells peaks in LN
weeks p.i. for two molecular clones of SIV. The varia-
ions in timing of the peak of viral replication in LN likely
eflects animal-to-animal as well as strain-to-strain vari-
tions.
During the first 2 weeks of infection, infected cells can
e present in the whole LN parenchyma (LN)
Chakrabarti et al., 1994a,b; Lackner et al., 1994; Baskin
t al., 1995), or in extrafollicular areas only (Reimann et
l., 1994). In all these studies, infected cells may be
etected in germinal centers (GCs) as soon as these are
dentifiable in LN, 1–3 weeks p.i. (Chakrabarti et al.,
994a,b; Reimann et al., 1994; Baskin et al., 1995).
hakrabarti and coworkers (1994a,b) have shown a high
ensity of infected cells in the paracortex 7–14 days p.i.
he density of infected cells in GCs was too high to be
uantitated in those studies. Other studies have shown
hat the paracortex is infected more heavily than the
ollicles 1–2 weeks p.i. whether with uncloned SIV or with
athogenic molecular clones (Lackner et al., 1994;
askin et al., 1995; Sasseville et al., 1996). In addition,
xtracellular trapping of virions on follicular dendritic
ells (FDC) has been observed as early as 2 weeks p.i.
y some authors (Chakrabarti et al., 1994a,b; Baskin et
l., 1995), but not as this early time point by others
Lackner et al., 1994; Reimann et al., 1994).
Few studies have addressed the issue of potential
ifferences in viral replication between LN from different
natomic sites. At the AIDS stage mesenteric LN (includ-ng ileocaecal nodes) show a higher viral load than
0042-6822/99 $30.00
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278 COUE¨DEL-COURTEILLE ET AL.eripheral LN (axillary and inguinal) (Scharko et al.,
996). This is not the case during primary intravenous
nfection. Indeed Chakrabarti et al. and Beebe et al. did
ot observe differences in density of infected cells be-
ween mesenteric and peripheral LN during primary SIV-
ac251 (Chakrabarti et al., 1994b) or FIV (Beebe et al.,
994) infection. Veazey et al. (1998) report very similar
ercentages of CD41 T cells in peripheral and mesen-
eric LN during primary intravenous SIVmac239 and SIV-
ac251 infection. This again suggests that there is no
ajor difference in viral replication between peripheral
nd mesenteric LN during primary intravenous infection.
Dissemination of a viral infection usually involves LN
raining the point of entry of the virus (Tyler and Fields,
996). The issue of regional confinement of viral replica-
ion after mucosal retroviral infection, however, seldom
as been addressed. Prolonged confinement to mesen-
eric LN has been described in the newborn mouse after
ral infection with MMTV (Karapetian et al., 1994). In-
ected cells do not disseminate beyond mesenteric LN
or .2 weeks in that model. The localization of infected
ells in LN was not addressed in that work. The natural
argets of MMTV are B lymphocytes, and this confine-
ent could reflect the migratory behavior of mucosal B
ells. In contrast, dissemination to distal LN in ,4 days
as been described in the rhesus macaque after vaginal
nfection with SIVmac251 (Spira et al., 1996) or SHIV (Joag
t al., 1997). Infected cells initially reach iliac (Spira et al.,
996) or pelvic (Joag et al., 1997) LN as early as Day 2 p.i.
nfected cells localize to the paracortex of LN (Spira et
l., 1996; Joag et al., 1997), with no infection of germinal
enters for up to 9 days p.i. (Spira et al., 1996). The
atural targets of SIV and SHIV are T-cells, dendritic
ells, and macrophages. Spira et al. suggested that
ransport of SIV to the draining LN after vaginal inocula-
ion was accomplished by dendritic cells of the lamina
ropria of the female genital tract. The rapid dissemina-
ion of SIV and SHIV observed after vaginal infection
herefore could reflect the migratory behavior of these
ells. Only one study has been published regarding viral
issemination after rectal infection of pigtail macaques
Macaca nemestrina) with a clone of SIVMne (Kuller et
l., 1998). Potential quantitative differences in viral load
etween draining and nondraining LN have not been
nvestigated. Distribution of infected cells within the LN
re also not described in this article, which focuses on
he mucosal humoral response. The authors neverthe-
ess show that most lymphoid organs are infected in two
nimals 1 week p.i.
Rectal transmission of HIV remains a major mode of
ontamination in developed countries (European Cen-
er for the Epidemiological Monitoring of AIDS, 1996).
here is evidence that it is different from parenteral
ransmission. Studies of macaques infected atraumati-
ally by the rectal route with SIVmac251 show that lstablishment of infection requires a higher inoculum
han infection by the parenteral route (Dormont and Le
rand, 1993; Pauza et al., 1993; Cranage et al., 1997).
ther elements suggest that establishment of infec-
ion is different after intravenous and rectal inocula-
ion. All animals die within 2 weeks after intravenous
nfection with the acutely lethal SIV isolate PBj14,
hereas 50% survive after intrarectal inoculation
Schwiebert et al., 1997). Attenuation of the virus oc-
urs, but only after several months of chronic infection
Schwiebert et al., 1997). Viremia can be transient after
ectal infection (Pauza et al., 1993; Trivedi et al., 1996),
nd selective amplification of minor viral genotypes of
he inoculum has been demonstrated (Trivedi et al.,
994, 1996). In humans, minor viral variants are se-
ected within the viruses present in sperm during ho-
osexual transmission of HIV (Zhu et al., 1996). In the
ame line of thought, different founder virus popula-
ions in homosexual men vs. intravenous drug users
ave been proposed (Lukashov and Goudsmit, 1997).
everal studies report a more rapid progression to
IDS after homosexual vs. parenteral contamination
Biggar, 1990; Jason et al., 1996; Eskild et al., 1997;
ehrson et al., 1997). Whether there is a correlation
etween selection of viral variants during rectal trans-
ission and progression to disease remains to be
etermined.
We decided to characterize viral dissemination in rhe-
us macaques inoculated rectally with the biological
solate SIVmac251. We targeted our study to the first 2
eeks of the primary infection. We studied 12 animals in
hat time frame to assess animal-to-animal variation. We
how both quantitative and qualitative differences in viral
oad between draining and nondraining LN. We did not
ind such differences in four animals infected intrave-
ously in the same time frame.
RESULTS
utopsy findings
All macaques infected by the rectal route had mark-
dly enlarged paracolic LN compared with uninfected
nimals or animals infected with a nonpathogenic clone
f SIV (data not shown). Other LN were enlarged only in
acaques sacrificed 14 days p.i. In contrast no differ-
nce in LN enlargement could be observed in macaques
nfected intravenously, with animals sacrificed early
howing poor or no enlargement, and animals sacrificed
ate showing marked enlargement of all LN.
aracolic lymph nodes are the first LN to replicate
he virus after rectal infection
Infection could be demonstrated in all rectally inocu-
ated animals by PCR amplification of provirus from
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279DISSEMINATION IN PRIMARY RECTAL INFECTIONBMC (Table 1). When present in LN, SIV always was
ound in paracolic LN. In animals R7.3, R7.4, and R14.2,
his was the only LN positive. Negative samples were
ested repeatedly to rule out the possibility of a very low
evel of infection. In the other animals, provirus also
ould be detected in axillary LN.
Productively infected cells were detected by in situ
ybridization in eight animals (Fig. 2). Paracolic LN
howed the highest viral load in all animals, but more
trikingly so 7 and 10 days p.i. At early time points,
xillary LN were either negative3 by in situ hybridization
ISH; macaques R7.3, R7.4, R10.1) or infected at a very low
evel (macaques R7.5, R10.2). Inguinal LN were negative
n R7.3 and R10.1, and slightly positive in R7.4 and R10.2.
imilarly, parajejunal LN could be negative (R7.3), or
how a low (R7.4) or an intermediate (R10.1, R10.2) level of
nfection. At later time points (R13, R14.3, R14.4), the
ifference in overall viral load between paracolic and
ther LN was much less important than at early time
oints. Overall the density of infected cells increased
etween Days 7 and 14 p.i.
Infectious virus could be recovered by coculture in two
f five macaques at Day 7 p.i. (R7.3, R7.5, Table 2), and in
ll animals tested at further time points except R14.1. In
acaques R7.3 and R14.2, infectious virus was recov-
red in paracolic, but not in axillary LN. Three of the
nimals had more than a 10-fold difference in cellular
iral load between paracolic and axillary LN. In ma-
aques R7.5 and R10.1, the difference was 15-fold. In
acaque R10.2, it was 17-fold (and 23-fold with inguinal
N). The other animals (R13, R14.3, R14.4) showed little
r no difference in cellular viral load between paracolic
nd peripheral LN.
3 As detailed in the Appendix, some of these LN contained 1–10
ositive cells per section (the largest number of positive cells was seen
n very large LN), yielding a density of infected cells well under 1
ell/mm2. For sake of simplicity these LN are referred to as negative in
T
Presence of Provir
Macaque R7.1 R7.2 R7.3 R7.4 R7.5 R10.1
oute of infection Rectal Rectal Rectal Rectal Rectal Recta
ay of sacrifice 7 7 7 7 7 10
PBMC 1 1 1 1 1 1
resence of provirus
AXL 2 2 2 2 1 1
COL 2 2 1 1 1 1
Note. Provirus was detected by nested PCR. IV, intravenous infection
aracolic lymph nodes; 1, provirus detected; 2, provirus not detectedohe main body of the manuscript.aracolic germinal centers are heavily infected after
ectal infection
In macaques sacrificed 7 days after rectal infection,
here was a very striking concentration of infected cells
n GCs (Figs. 2 and 3), which were present in all para-
olic LN. Densities could reach 710/mm2 in macaque
7.4 and 450/mm2 in macaque R7.5 (Appendix Table 4).
he density of infected cells was much lower in other
reas of the LN. This explains the overall low density of
nfected cells of these LN. In parajejunal and inguinal LN
f macaque R7.4, the cells were concentrated in the few
Cs that were present, with cell densities reaching 250/
m2. In axillary LN of macaque R7.5 (the only animal in
hich these LN were positive), there was no preferential
ocalization of infected cells in GCs.
In macaques R10.1 and R10.2, two subsets of paracolic
N could be identified, one (COL1 in Fig. 2) being more
eavily infected than the other (COL2 in Fig. 2). In animal
10.1, infected cells of COL1 were concentrated in GCs,
eaching densities of 305 cells/mm2. The density of in-
ected cells was similar throughout the cortex and para-
ortex of parajejunal and COL2 LN but much lower in the
edulla. Inguinal and axillary LN were negative. In ma-
aque R10.2, infected cells were concentrated in GCs of
aracolic and parajejunal LN, reaching densities of 450
nd of 540 cells/mm2 respectively. The density of in-
ected cells varied considerably from one GC to the next
ithin a given LN (data not shown). The average density
n GCs varied also considerably from one LN to the next
or a given location (Appendix Table 4). In axillary and
nguinal LN, there was a slight concentration of infected
ells in the GCs. The paracortex and medulla were sig-
ificantly infected only in the paracolic LN.
Later in infection, GCs were less prominent in para-
olic LN but were nevertheless heavily infected (Figs. 1
nd 2, Appendix Table 4). They could reach densities of
10 (R13) 310 (R14.3), and 340 (R14.4) infected cells/mm2
Appendix Table 4). These densities are comparable with
hose observed at early time points. The increase in
ymphoid Tissues
2 R13 R14.1 R14.2 R14.3 R14.4 V7.1 V7.2 V14.1 V14.2
al Rectal Rectal Rectal Rectal Rectal IV IV IV IV
13 14 14 14 14 7 7 14 14
1 1 1 1 1 1 1 1 1
1 2 2 1 1 1 1 1 1
1 2 1 1 1 1 1 1 ND
, peripheral blood mononuclear cells; AXL, axillary lymph nodes; COL,
ot done.ABLE 1
us in L
R10.
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1
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280 COUE¨DEL-COURTEILLE ET AL.ime points is attributable to the presence of infected
ells at a high density outside GCs. In particular, the
xtrafollicular cortex, paracortex, and medulla were
eavily infected, reaching a density of 470 (R14.3) and
80 (R14.4) infected cells/mm2. In axillary LN, infected
ells were localized to the extrafollicular cortex and para-
ortex (Fig. 1) with variable infection of the medulla and
Cs.
ymph nodes of all sites are equally infected after
ntravenous infection
Provirus was detected in all lymphoid tissues tested of
ntravenously infected animals (Table 1). Overall the den-
ity of infected cells in LN was lower than in rectally
nfected animals. V7.1 was negative by ISH. V7.2 was very
eakly positive, as 0–15 positive cells per LN section
ere observed (data not shown). They were found in
ymphoid follicles (axillary, paracolic, and parajejunal LN)
r in the extrafollicular cortex and paracortex (paracolic,
arajejunal, and inguinal LN). Infected cells were found
hroughout the LN parenchyma of animals sacrificed 14
ays p.i. (Figs. 1 and 2). The average density of infected
ells was equivalent in LN from different anatomic sites,
xcept for one parajejeunal LN in V14.1 and one para-
olic LN in V14.2 (Appendix, Table 3). GCs were found in
ome of these LN. When they were infected, the density
f infected cells was higher than that in the surrounding
arenchyma (Figs. 1 and 2). Infectious virus was not
ecovered from animal V7.1, but was recovered in all
T
Cellular Viral Loa
Macaque R7.1 R7.2 R7.3 R7.4 R7.5 R10.1 R10.2
PBMC 0 0 0 0 15 309 12
AXL 0 0 0 0 3 243 8
ING 0 0 ,1 ND ND 875 6
JEJ 0 0 2 ND ND 1263 30
COL 0 0 2 0 45 3788 138
Note. Cellular viral load is given in TCID50/10
6 cells. ING, inguinal ly
T
Presence of Virus on F
Macaque R7.3 R7.4 R7.5 R10.1 R10.2
AXL 2 2 2 2 2
ING 2 1 ND 2 2
JEJ 2 1 ND 2 2
COL 1 1 2 2 1
Note. Virions on follicular dendritic cells were recognized as a pos
ifferent anatomic sites were scored as follows: 1, reticulate network
given site displayed GCs and that all GCs were not necessarily positive inymphoid tissues analyzed from V7.2, V14.1, and V14.2. In
14.2, paracolic LN were more infected than axillary LN,
ut the difference was under sixfold. Cellular viral load
as not available for axillary LN in V7.2, but the differ-
nce between inguinal and paracolic LN was only three-
old in that animal. No significant difference in cellular
iral load was otherwise observed between mesenteric
nd peripheral LN (Table 2).
ellular targets of SIV in LNs
The majority of infected cells were identified as T cells
y combining immunohistochemistry and ISH on the
ame LN section. A small number of infected macro-
hages could be identified by performing immunohisto-
hemistry and ISH on serial LN sections. Figure 4 shows
he results of such an analysis for a paracolic LN of
10.2. Similar results were obtained in all LN and at all
ime points regardless of the route of infection (data not
hown). Immunohistochemistry with the anti-p55 anti-
ody (to identify dendritic cells) was unfortunately not
ossible in conjunction with ISH.
FDCs were seen to carry trapped virions (Figs. 1 and
) in some, but not all, animals even when GCs were
resent (Table 3). This was observable as a reticulate
attern at low magnification. At high magnification, the
abel was seen to be associated with the surface of
ells with a highly convoluted morphology. A similar
attern was observed when labeling frozen sections of
N with the DRC1 antibody, specific for FDCs (Fig. 5).
mphoid Tissues
R14.1 R14.2 R14.3 R14.4 V7.1 V7.2 V14.1 V14.2
0 0 10 2187 0 34 17 ND
0 0 11 729 0 NA 125 36
0 ND ND 729 ND 103 ND 74
0 ND ND 8635 ND 62 ND 5
0 10 9 2824 0 350 51 205
des; JEJ, parajejunal lymph nodes; na: not available.
r Dendritic Cells in LN
R14.3 R14.4 V7.1 V7.2 V14.1 V14.2
2 2 2 2 1 1
2 1 2 ND 1 ND
2 2 2 ND ND ND
1 1 2 2 1 1
ticulate network by in situ hybridization on GCs. Lymph nodes from
; 2, no reticulate network observed; ND, not done. Note that all LN ofABLE 2
d in Ly
R13
468
973
1403
1046
1233ABLE 3
ollicula
R13
2
ND
ND
1
itive re
in GCsa given anatomic site.
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281DISSEMINATION IN PRIMARY RECTAL INFECTIONnfortunately combining ISH and immunohistochem-
stry with the DRC1 antibody was not possible. In
ectally infected animals, trapped virions were seen
ver FDCs as early as Day 7 p.i. in paracolic LN in
acaques R7.3 and R7.4 (Figs. 3A and 3B) but not in
acaque R7.5 (Figs. 3C and 3D). FDCs were positive
or trapped virions in paracolic LN but not axillary LN
n animals R10.2, R13, R14.3, and R14.4 (Figs. 1 and 3,
able 3). In macaques infected by the intravenous
oute, virions trapped on FDCs could be observed in
oth paracolic and axillary LN 14 days p.i. (Table 3,
igs. 1E and 1F).
DISCUSSION
Dissemination of SIV after rectal infection likely in-
olves primarily paracolic LN but could occasionally in-
olve inguinal LN as well. In humans, the upper two-
hirds of the rectum are drained by pararectal LN and by
he paracolic LN closest to the rectum (Rouvie`re, 1932).
here is anastomosis of lymphatic vessels between
hese LN that varies from individual to individual (Rou-
ie`re, 1932). In macaques, the upper part of the rectum
ppears to be drained by paracolic LN (F. Rigoud, per-
onal communication). We occasionally observed para-
ectal LN as well (e.g., animal R13). The lower part of the
ectum most often is drained by inguinal LN in humans
Rouvie`re, 1932) and probably in macaques as well.
To investigate dissemination of SIV, we harvested and
tudied four types of LN. Paracolic LN were considered
o be directly draining the inoculation site, as inoculation
as performed in the upper half of the rectum. Axillary
N were considered representative of peripheral LN. We
xpected inguinal LN to behave as peripheral LN if the
noculum stayed strictly in the upper half of the rectum
nd as draining LN if the inoculum redistributed to the
ower part of the rectum. We also harvested parajejunal
N. These LN do not drain directly the rectum. They
ould be reached by SIV at the approximately same time
s peripheral LN if dissemination occurred via cells with
eripheral homing properties. However, they could be
eached by SIV earlier than peripheral LN if dissemina-
FIG. 1. Localization of SIV in paracolic and axillary LN two weeks aft
erminal center in paracolic lymph node of macaque R14.3; magnifica
nfected cell; magnification, 3625. (C) Low paracolic node in mac
agnification, 3130. (D) Axillary node in the same animal. The density
14.2. Note infected germinal centers and infected cells in the parenchy
f SIV is very similar; magnification, 3130. Arrowheads point to infected
erminal center, FM, follicular mantle, F follicle. (A) and (B) are not co
FIG. 3. Localization of SIV in paracolic LN 7 days after rectal inocula
nd virions trapped in the FDC network are observed in macaque R7.4
igh magnification, the reticular pattern on the surface of FDCs is clea
rea of two paracolic nodes from macaque R7.5. Note high density of in
bserved in the follicular mantle in (C) but few in (D); magnification, 3
urface of FDC in all figures. GC: germinal center. FM: follicular mantle. (A) andion initially occurred via cells of the entero-enteric cycle,
ith homing to the gut followed secondarily by draining
o mesenteric LN.
egional confinement in LN after rectal infection
Our results indicate that paracolic LN (the essential
raining LN) are the first hit by SIV infection in rectally
nfected macaques. Virus appears to infect secondarily
xillary LN (the typical nondraining LN). These may re-
ain negative for #2 weeks. Infection of inguinal and
arajejunal LN is more variable, as discussed below. We
elieve the dissemination process to be a continuous
ne, progressing at a varying speed from animal to
nimal. Five stages of LN infection can nevertheless be
ndividualized (Fig. 6). Stage 1 is the detection of provirus
n paracolic LN only. At stage 2 infected cells can be
dentified by ISH in paracolic LN. They localize highly
referentially to GCs. At further stages, infected cells are
ound by ISH throughout the parenchyma of paracolic
N. Preferential localization in GCs is not always obvi-
us. Infection also reaches axillary LN. Stage 3 corre-
ponds to detection of provirus only with no other sign of
nfection in these LN. Stage 4 corresponds to detection
f infected cells by ISH in the extrafollicular cortex and
aracortex but not in other areas of these LN. Stage 5
orresponds to general dissemination of the infection.
Four animals (R7.1, R7.2, R14.1, R14.2) had a very low
iral load. Slow viral replication after rectal infection has
een previously reported (Pauza et al., 1993). Animal
14.2 was positive by PCR in paracolic LN as well as in
BMC. Infectious virus could also be recovered by co-
ulture from the paracolic LN but not from the PBMC.
his animal was in stage 1. In R7.1, R7.2, and R14.1,
nfection could be evidenced only by PCR in PBMC. We
uspect viral replication to have been initiated in minute
N draining the rectum. We have occasionally observed
uch LN in rhesus macaques. In addition to being diffi-
ult to sample, these LN are too small to allow analysis.
e therefore believe that these animals were also in
tage 1. We, however, cannot exclude that PBMC are the
nly site of infection in these animals. These infected
ulation. SIV RNA was detected by ISH with a nef probe. (A) Prominent
260. (B) Higher magnification shows virions trapped on FDC and an
13. Note numerous infected cells and infected germinal centers;
ted cells is lower; magnification, 3130. (E) Paracolic node in macaque
gnification, 3130. (F) Axillary node in the same animal. The distribution
and arrows to virions trapped on the surface of FDC in all figures. GC,
ained. (C–F) are counterstained with eosin.
IV RNA was detected by ISH with a nef probe. (A) Both infected cells
ional cells are visible in the parenchyma; magnification, 3260. (B) At
ble, as well as infected cells; magnification, 3625. (C and D) Cortical
cells in GC, lack of virions trapped on FDC. Several infected cells are
rowheads point to infected cells and arrows to virions trapped on theer inoc
tion, 3
aque R
of infec
ma; ma
cells
unterst
tion. S
. Occas
rly visi
fected
260. Ar
(B) are not counterstained. (C) and (D) are counterstained with eosin.
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284 COUE¨DEL-COURTEILLE ET AL.ells could be memory mucosal cells. Such cells are
ikely to patrol the organism continuously and therefore
FIG. 2. Distribution of infected cells within LN after rectal or intraveno
f infected cells in the different areas of LN is given as cells/mm2 in ge
aracortex (ECP), and medulla (M) as well as the average density o
ubpopulations of paracolic LN); JEJ, parajejunal; ING, inguinal; AX, a
ndividual LN (for full data, see Tables 4 and 5 in the Appendix).e present in the peripheral blood. In any case, infectedells in the PBMC of these animals have very poor
eplicative capacity.
ction. Infected cells were identified in LN sections by ISH. The density
centers (GC), follicles exclusive of GCs (FM), extrafollicular cortex and
whole LN (AV). REC, pararectal, COL, paracolic (1 and 2 indicate
The values correspond to the average of the densities observed inus infe
rminal
ver the
xillary.Stage 2 was observed only 7 days p.i. In animal R7.3,
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285DISSEMINATION IN PRIMARY RECTAL INFECTIONaracolic LN was the only site infected. This is probably
ue to the fact that the virus is inoculated in the upper
alf of the rectum. In animal R7.4, inguinal and parajeju-
al LN were also positive, albeit at a lower level. Infec-
ion of inguinal LN could be due to redistribution of the
noculum to the lower part of the rectum during experi-
ental infection. One explanation of the infection of
arajejunal LN at that stage is the entero-enteric cycle.
nfected cells escaping from paracolic LN would home to
he small intestine. They would then either migrate to
arajejunal LN or transmit infection to cells migrating to
hese LN.
Stage 3 was observed only in animal R10.1. In that
nimal, infected cells were observed in parajejunal LN
ut not in inguinal LN. This is likely due to an inoculation
trictly limited to the upper half of the rectum. Infection of
arajejunal LN is likely due to recirculation of infected
ucosal cells by the entero-enteric cycle as described
bove. Two subsets could be identified in paracolic LN.
ubset 1 was heavily infected and could correspond to
Ns directly draining the rectum in that animal. The level
f infection of subset 2 was similar to that of parajejunal
N. This could be due either to anastomosis of subset 2
ith subset 1 or to infection by the entero-enteric cycle
s described for parajejunal LN. The detection of provi-
us in axillary LN at that stage suggests that infection
as now progressed to cells with peripheral homing
roperties.
Stage 4 was observed at 7 (R7.5) and 10 (R10.2) days
.i. The level of infection of axillary LN (and inguinal LN
n R10.2) remains much lower than that of paracolic LN.
he pattern of infection showed by R10.2 is very remi-
iscent of that of R10.1 (e.g., two subsets of paracolic LN),
uggesting similar mode of dissemination of the virus in
hese two animals. Overall stages 3 and 4 differ only by
he level of infection of axillary LN (and of inguinal LN,
hich behave in these animals as peripheral LN).
Stage 5 was observed only in animals sacrificed 2
eeks p.i. A higher viral burden in paracolic vs. axillary
N is still observed to variable degrees. This is most
ronounced in animal R14.4. In this animal, the lack of
ifference in viral load between axillary, inguinal and
arajejunal LN suggests direct progression from a situ-
tion similar to that of R7.3.
Our results in two animals in stages 1 and 2 show
nitial confinement of SIV in LN directly draining the
ectum. This confinement can still be observed in some
ases 14 days p.i. Even when there was no strict con-
inement, there is a strong gradient in viral load between
aracolic and axillary LN, indicating initial confinement.
he data presented by Kuller et al. (1998) suggest that
heir animals are likely at stage 5 1 week p.i., even if no
uantitative data are available in their study. The differ-
nces in kinetics could reflect species or strain differ-
nces. It would be very interesting to compare data at rarlier time points in the model of Kuller et al. (1998), with
ur own results.
The regional confinement of infected cells that we
bserve is more reminiscent of the data of Karapetian
t al. (1994) than of those of Spira et al. (1996) and Joag
t al. (1997). SIV could be transported by dendritic
ells from the rectum to the paracolic LN. Dendritic
ells have been described in the digestive tract. Two
ubsets of dendritic cells have been described in
ouse Peyer’s patches (Ruedel and Hubele, 1997). In
he colon, lamina propria (Liu and MacPherson, 1995;
avli et al., 1996) as well as intraepithelial (Maric et al.,
996) dendritic cells have been described. The differ-
nces in kinetics of dissemination of SIVmac251 after
aginal infection and rectal infection suggest that if
IV is indeed transported by rectal DC, their migratory
ehavior is different from that of dendritic cells of the
emale genital tract. Transport of SIV from the rectum
o paracolic LN could be also accomplished by in-
ected T lymphocytes, which we could identify in the
N. The migratory behavior of T cells is likely to be
lose to that of B lymphocytes. This would explain the
imilitude between our results and those of Karapetian
t al. (1994). Last SIV could also gain access to the
raining LN as free virions. These transport routes are
iscussed below.
o preferential site of viral replication after
ntravenous infection
Our animals infected intravenously showed homoge-
ous patterns of dissemination at each time point. One
eek p.i., the level of viral replication was very low, with
10 infected cells per LN section. Two weeks p.i., viral
eplication was more active. The overall level of infection
id not reach that of rectally infected animals. Overall the
esults suggest direct progression from the Day 7 situa-
ion to the Day 14 situation. We did not observe prefer-
ntial viral replication in LN from any site at any time
oint. This is in agreement with what Chakrabarti and
oworkers reported during primary intravenous SIV-
ac251 infection (Chakrabarti et al., 1994b). Preferential
iral replication in mesenteric LN has only been reported
t the AIDS stage by Scharko and coworkers (Scharko et
l., 1996). Opportunistic infections of the digestive tract
re frequent in end-stage disease, and Scharko and
oworkers report that mesenteric LN are the most acti-
ated at that stage. This likely explains the increased
usceptibility to viral replication of mesenteric LN at the
IDS stage. Our data and that of Chakrabarti and co-
orkers in primary intravenous infection indicate that
ntrinsic increased susceptibility of mesenteric LN to
iral replication does not account for our observation in
ectally infected animals during primary infection.
286 COUE¨DEL-COURTEILLE ET AL.
Cw
a
o
I
t
o
d
1
t
o
i
e
V
(
f
t
f
a
a
i
L
a
i
i
p
o
i
c
t
a
o
i
b
v
A
S
l
e
o
i
t
i
i
p
a
i
m
c
c
r
c
e
v
a
c
c
s
o
a
t
c
f
a
r
p
a
H
o
287DISSEMINATION IN PRIMARY RECTAL INFECTIONompartmentalization within LN after rectal infection
A striking feature of draining LN after rectal infection
as the very high density of infected cells in GCs. In
nimal R7.3, which we believe to be at a very early stage
f viral dissemination, infected cells were detected by
SH in only one LN. The density of infected in the GCs of
hat LN was not very high but higher than that of the rest
f the LN parenchyma. In animals R7.4 and R7.5, the
ensity of infected cells in GCs was, respectively, 28- and
45-fold higher than in the rest of the LN. GCs were
herefore the only area of the LN with a significant level
f infection. We did not find a similar situation after
ntravenous infection. The density of infected cells was
nriched only seven- and fivefold in GCs of V14.1 and
14.2, respectively. Chakrabarti and coworkers
FIG. 6. Stages of SIV dissemination to LN. Five stages in SIV dis-
emination to LN can be individualized (see text for details). The inner
val symbolizes the medulla, the outer stripe, the extrafollicular cortex,
nd paracortex. Lymphoid follicles are indicated as large circles within
he outer stripe. Infected cells are represented by two concentric
ircles. PCR1 indicates LN positive only by PCR. Localization of in-
ected cells in such LN is unknown. Animals belonging to each stage
re indicated on the figure.
FIG. 4. Infected cells in LN are mostly T cells. Infected cells in GC of
ing in combined ISH and CD3 immunohistochemistry (A), and as a
erformed on serial sections. Red fluorescence (A and B) is due to the
nd C) is due to fluorescein-coupled secondary antibodies. A–C are s
FIG. 5. Follicular dendritic cell network. Follicular dendritic cells w
oescht’s stain (B). Note the heavy density of follicular dendritic cells i
f the dark zone (arrows). Final magnification, 3260.Chakrabarti et al., 1994b) show that infected cells can be
ound in GCs as early as 7 days post intravenous infec-
ion. In that case, however, infected cells can also be
ound throughout the LN parenchyma. In contrast, GCs
re not infected during primary vaginal infection (Spira et
l., 1996; Joag et al., 1997). Starting 10 days post rectal
nfection, the density of infected cells in other parts of the
N becomes significant (paracolic LN of R10.1 and R10.2
nd all LN of R13, R14.3, and R14.4).
Overall the data suggest that, after rectal infection,
nfected cells accumulate preferentially in GCs early in
nfection. Then infected cells redistribute to the whole LN
arenchyma with the duration of infection. This chronol-
gy of events appears different from that in intravenously
nfected animals. All kinetic studies show that infected
ells are first present throughout the LN parenchyma,
hen appear in GCs (Chakrabarti et al., 1994b; Lackner et
l., 1994; Reimann et al., 1994; Sasseville et al., 1996). Our
wn intravenously infected animals show similar kinet-
cs, albeit with a lower overall level of infection in LN.
Preferential localization of infected cells to GCs has
een reported for animals infected with nonpathogenic
iruses (Lackner et al., 1994; Chakrabarti et al., 1995).
ttenuated variants of the uncloned pathogenic isolate
IVmac251 we used for infection could have been se-
ected by the rectal mucosa. This could explain prefer-
ntial localization of infected cells to GCs in draining LN
f our rectally infected animals. However, the density of
nfected cells in GCs in our animals is too high to be due
o replication of an attenuated variant. The density of
nfected cells in GCs is indeed very low in animals
nfected with nonpathogenic viruses [1–5 positive cells
er section for 1A11 (Lackner et al., 1994)].
Preferential transport of SIV to lymphoid follicles could
ccount for the preferential infection of GCs after rectal
noculation. SIV could be transported from the rectal
ucosa to the draining LN as free virions, as cell-asso-
iated virions, or as infected cells. Free viral particles
ould be drained by the lymphatics directly from the
ectal mucosa. FDCs can extend processes in the sub-
apsular sinuses in some circumstances (Tenner-Racz
t al., 1988) and could therefore directly capture the free
irions. LN colonization by virions would not be observed
fter IV infection, as free virions cannot exit from blood
apillaries. Chakrabarti and coworkers have indeed con-
luded that the colonization of LN occurred by infected
colic LN of macaque R10.2 are identified as T cells (arrows) by yellow
phage (arrowhead) by ISH (B) and CD68 immunohistochemistry (C)
/fast red precipitate obtained after ISH for nef. Green fluorescence (A
ctions. Final magnification 3260.
eled with the DRC1 antibody (A). Sections were counterstained with
ght zone of the germinal center (arrowheads), and the looser networka para
macro
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288 COUE¨DEL-COURTEILLE ET AL.ells incoming via afferent lymphatics. Transport of viri-
ns from the rectal mucosa could of course be accom-
lished by dendritic cells. This is the currently accepted
ypothesis for vaginal transmission. This, however,
ould mean that rectal dendritic cells migrate to lym-
hoid follicles in draining LN rather than to T areas as
ould dendritic cells of the female genital tract. Dendritic
ells can indeed be found in human GCs (Grouard et al.,
996). Last, infected rectal T lymphocytes could have
oming potential for lymphoid follicles in draining LN.
Preferential replication in GCs could also account for
referential infection of GCs after rectal inoculation. A
trong mucosal B-cell response would lead to the rapid
ormation of GCs in mesenteric LN. GC CD41 T cells are
nown to be preferential targets for HIV replication in
ivo when compared with CD41 T cells from other areas
f LN (Hufert et al., 1997). Optimal conditions would
herefore be present for preferential replication of virus
ithin these GCs (Heath et al., 1995; Burton et al., 1997;
osenberg et al., 1997). The propagation of the infection
o other LN areas would be associated with generalized
ctivation of the LN. Kuller et al. have observed in pig tail
acaques low levels of SIV-specific IgA in rectal secre-
ions as early as 1 week p.i. (Kuller et al., 1998). This
grees well with a rapid B-cell response after rectal
noculation. However, the level of rectal SIV-specific IgA
ecomes significant only 12 weeks p.i. The initial mag-
itude of the B-cell response in draining LN remains
herefore to be determined. It should be noted that in our
ands the relative surface area occupied by GCs in
ollicles was not very different between paracolic and
xillary LN in rectally infected animals (data not shown).
ctivation of GCs per se does not therefore seem to be
ufficient to induce accumulation of infected cells in
Cs.
DC trapping of virions
Last we observed virions trapped on FDCs in most
nimals infected rectally, but not all (R7.5, was negative
or example). This trapping was observed in paracolic
ut not axillary LN, consistent with observations on the
ensity of infected cells at these sites. In intravenously
nfected animals, FDC trapping of virions, when present,
as observe at all sites. The association of HIV with
DCs has been recognized as a hallmark of infection
ery early in the epidemics (Armstrong and Horne, 1984;
iberfield et al., 1986; Tenner-Racz et al., 1989) and is
ost prevalent in the asymptomatic phase of infection
for review, see Embretson et al., 1993; Pantaleo et al.,
993, 1994; Haase et al., 1996). Virions trapped on FDCs
re a prominent feature in macaques in the asymptom-
tic phase (Ringler et al., 1989; Wyand et al., 1989), and
an be observed as early as 2 weeks p.i. (Chakrabarti et
l., 1994b; Baskin et al., 1995). Trapping is usually (hought to occur through opsonization of HIV by antibod-
es, followed by complement (Pantaleo et al., 1994). In
ur experiments, trapped virions 14 days p.i. are likely
ue to the presence of antibodies at an early stage of the
mmune response. Trapped virions 7 days p.i. could
ndicate direct interaction of SIV with complement or
omplement receptors on FDCs, which has been re-
orted for HIV (for review, see Stoiber et al., 1997). How-
ver, Kuller et al. detect SIV-specific antibodies in rectally
nfected pig tail macaques as early as 7 days p.i. (Kuller
t al., 1998). Their animals show more rapid kinetics in
iral dissemination and could also have more rapid ki-
etics in the development of immune responses than
hesus macaques. It is nevertheless possible that FDC
rapping of virions in our animals indicates early induc-
ion of an antibody response in LN draining the rectum.
his would agree with the early presence of GCs in
hese LN. Further studies will be needed to address this
oint.
erspectives
The compartmentalization that we observe between
N and within draining LN after rectal infection has
mportant implications for pathogenesis. The delayed
elivery of infected cells to peripheral LN may for exam-
le delay the induction of systemic immunity, even if only
y a very short time. Within LN, GC CD41 T cells are an
mportant site for HIV replication (Hufert et al., 1997). In
ddition, virions trapped on FDCs remain infectious for
ery long periods of time (Heath et al., 1995; Burton et al.,
997). These phenomena (and others) could be factors in
he more rapid evolution of homosexually vs. parenterally
cquired HIV infection (Biggar, 1990; Jason et al., 1996;
skild et al., 1997; Pehrson et al., 1997). Our results also
rovide a clue to the efficiency of locally targeted LN
mmunization for protection from rectal infection (Lehner
t al., 1996). They underscore the necessity to take in
ccount the route of entry for vaccine development.
MATERIALS AND METHODS
nimals
Rhesus macaques (Macaca mulatta, Chinese subspe-
ies) were housed at the P3 macaque facility of the
asteur Institute in accordance with European Economic
ommunity guidelines. All manipulations of animals
ere performed under ketamine anesthesia.
Sixteen macaques were infected experimentally with
IVmac251. The viral stock, originally obtained from R.
esrosiers, was a generous gift of A.-M. Aubertin (Stras-
ourg, France). This stock established by a single pas-
age on macaque PBMC has been titrated in vivo either
y the intravenous (IV) or by the rectal route. One AID50i.e., the dose infecting 50% of animals) has been deter-
m
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289DISSEMINATION IN PRIMARY RECTAL INFECTIONined to be equivalent to 1 TCID50 by the IV route (A.-M.
ubertin and R. Le Grand, personal communication) and
00 times higher by the rectal route (Dormont and Le
rand, 1993). Infection was performed with 10 AID50,
ither intravenously (10 TCID50, macaques V7.1, V7.2,
14.1 and V14.2) or rectally (2000 TCID50, macaques
7.4, R7.5, R10.2, R13, R14.3, and R14.2).
Animals were sacrificed 7 days (macaques V7.1, V7.2,
7.4, and R7.5), 10 days (macaque R10.2), 13 days (ma-
aque R13), or 14 days (macaques V14.1, V14.2, R14.3,
nd R14.2) p.i. by a lethal dose of penthotal. Peripheral
lood was collected on heparin prior to sacrifice. Axillary
N and LN draining the sigmoid colon (referred to as
aracolic LN) were collected separately at autopsy in all
nimals and either processed for paraffin embedding or
ept under sterile conditions in Hanks’ balanced salt
olution (Gibco, Cergy-Pontoise, France). In some ani-
als, inguinal LN and LN draining the jejunum (referred
o as parajejunal LN) were collected and processed as
bove.
ymphocyte preparations
PBMC were obtained by centrifugation of heparinized
lood on Ficoll–Hypaque (Pharmacia, Uppsala, Sweden)
radient. For each type of LN, several LN were pooled
nd lymphocytes were obtained by mechanical disrup-
ion on sterile nylon mesh and centrifugation on Ficoll–
ypaque.
itration of cell-associated virus
Indicator cells (CEMx174) were cocultured in quadru-
licate with serial 1:3 dilutions of macaque PBMC (start-
ng from 300,000 per well). The presence of p27 gag
ntigen in supernatants was evaluated after 14 days by
n antigen-capture assay (Coulter, Margency, France).
iral titers were then calculated according to the method
f Reed and Muench (1938).
olymerase chain reaction (PCR)
DNA was prepared from 5.106 cells of each sample.
xtraction was performed with phenol/chloroform after
roteinase K treatment. The amount of DNA in each
ample was normalized with respect to actin using
ense (59 GGG TCA GAA GGA TTC CTA TG 39) and
ntisense (59 GGT CTC AAA CAT GAT CTG GG 39) actin
rimers (Genset, Paris, France).
Integrated SIV was detected by nested PCR performed
n duplicates samples of 1 mg of DNA (corresponding
oughly to 150,000 cells). The first SIV gag-specific PCR
eaction was performed to amplify a 744-bp fragment
ith the primers EVA8003.1/1386N (59 GAA ACT ATG CCA
AA ACA AGT 39) and EVA8003.2/2129C (59 TAA TCT
GC CTT CTG TCC TGG 39) as previously described (Le
rand et al., 1992). The nested PCR was then performed in 1/50 of the first PCR products with the primers
VA8003.2/2129C and SPRG1731N (59 CCG TCA GGA
CA GAT ATT GCA 39) generating a 399-bp fragment. The
inal PCR products were analyzed by 1.5% agarose gel
lectrophoresis and ethidium bromide staining. The SIV
rimers were obtained through the EVA (European Vac-
ine against AIDS) program. The experiment was re-
eated at least twice for each sample analyzed. To rule
ut the presence of PCR inhibitors in the sample, nega-
ive samples were reanalyzed by nested PCR over a
ange of 10 pg to 5 mg of DNA. The detection limit of the
eaction was estimated to be 10 copies of SIV DNA by
erial dilution of a pUC plasmid containing the entire gag
ene.
In some cases, a nested PCR was performed using
nv-specific and pol-specific primers as described by
akrim and coworkers (1996).
n situ hybridization (ISH)
ISH was performed with antisense RNA digoxigenin
robes obtained by in vitro transcription (Riboprobe in
itro Transcription Systems, Promega, Madison, WI) of
he entire SIV nef gene cloned into pBSK (Stratagene,
ambridge, UK). Tissues were fixed in 4% buffered For-
alin and embedded in paraffin. Five-micrometer sec-
ions were first permeabilized with pepsin and then hy-
ridized overnight at 70°C with antisense or sense
robes (2 mg/ml). After hybridization, several washes
ith increasing stringency were performed and the hy-
ridized probe was detected with alkaline phosphatase-
onjugated sheep anti-digoxigenin antibody (Boehringer,
annheim, Germany), followed by NBT–BCIP (Gibco).
egative controls included noninfected tissues hybrid-
zed with the antisense riboprobe. Positive controls in-
luded tissue samples previously shown to contain SIV-
nfected cells.
Productively infected cells were identified as small
ark spots at low magnification. At high magnification,
he dark blue precipitate was visible throughout the cy-
oplasm and most often also filled the nucleus. For quan-
itation, entire LN sections were reconstituted in a mon-
age of low magnification micrographs. Surface was es-
imated by overlaying the montage with a square grid.
he spacing of the grid used to measure GC and follic-
lar mantle was five times finer than that used for other
reas of the LN. Cells were manually counted over the
ntire section. For a given animal, quantitation was al-
ays performed on sections from different lymph nodes
ubjected to ISH in the same experiment. Average values
or LN for each were used for Table 3 and Fig. 2. The
etailed quantitative data are presented for individual LNn the Appendix (Tables 4 and 5).
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290 COUE¨DEL-COURTEILLE ET AL.ombined in situ hybridization and
mmunohistochemistry
In situ hybridization was performed as described
bove up to the antibody step. Paraffin sections were
hen incubated with polyclonal rabbit anti-human CD3
ntibody (Dako, Trappes, France) and alkaline phospha-
ase conjugated antidigoxigenin antibody for 45 min at
oom temperature. After several washes in PBS, a sec-
nd incubation of 45 min with antibodies was performed
sing FITC-conjugated goat anti-rabbit and alkaline
hosphatase-conjugated sheep antidigoxigenin antibod-
es. Alkaline phosphatase was detected using HNPP-
ast red (Boehringer) as substrate. Slides were counter-
tained with Hoescht’s stain and mounted in Fluoro-
ount medium.
mmunohistochemistry
For CD68 immunohistochemistry, tissues were fixed in
% buffered Formalin and embedded in paraffin. Five-
AP
T
Quantitation of Infected Cells in Lym
Macaque Location of LN
Surface of GC
(% of follicle) GC
V7.2 paracolic 1-2 ND ,1
paracolic 3 ND 0
parajejunal 1 ND ,1
parajejunal 2 ND 0
inguinal 1-2 ND 0
axillary 1 ND 0
axillary 2 ND ,1
V14.1 paracolic 1 8.11 90
paracolic 2 9.6 50
parajejunal 1 9.36 203
parajejunal 2 5.45 41
parajejunal 3 8.1 65
axillary 1 10.81 53
axillary 2 0 NA
V14.2 paracolic 1 22.82 141
paracolic 2 8.73 56
paracolic 3 13.56 52
paracolic 4 16.44 61
paracolic 5 27.09 79
axillary 1 11 67
axillary 2 18.14 82
axillary 3 0 NA
axillary 4 0 NA
Note. Infected cells were identified by in situ hybridization and coun
with a grid. ND, not determined, NA not applicable (this structure wasicrometer sections were deparaffinized, rehydrated, and
hen microwave treated in 0,01 M citric acid, pH 6 buffer.
ections were then incubated with monoclonal anti-human
D68 antibody (Dako) or anti-p55 antibody (obtained
hrough the NIAID reference reagent program) for 45 min at
oom temperature. After several washes in PBS, a second
ncubation of 45 min was performed using FITC-conjugated
oat anti-mouse antibodies. Slides were counterstained
ith Hoescht’s stain and mounted in Fluoromount medium.
For DRC1 immunohistochemistry, tissues were snap-
rozen in OCT compound by immersion in liquid nitrogen
ooled isopentane. Ten-micrometer cryostat sections
ere obtained and fixed in acetone at room temperature
fter air drying. Sections were then incubated with DRC1
onoclonal antibody (Dako) for 60 min at room temper-
ture. After several washes in PBS, a second incubation
f 60 min was performed using FITC-conjugated goat
nti-mouse. Slides were counterstained with Hoescht’s
tain and mounted in Fluoromount medium.
IX
4
es in Intravenously-Infected Animals
Number of infected cells/mm2
cle outside
of GC
Extrafollicular
cortex 1 paracortex Medulla Whole LN
0 ,1 0 ,1
0 0 0 0
0 ,1 0 ,1
0 ,1 0 ,1
0 0 0 0
0 0 0 0
0 0 0 0
22 12 9 14
18 17 24 20
27 19 NA 23
26 18 19 19
17 9 9 10
18 12 6 13
18 11 15 12
100 24 15 40
64 20 16 23
21 11 10 13
23 14 NA 21
22 19 11 19
13 7 15 12
10 11 NA 12
19 5 6 7
22 11 NA 12
each site. Surface areas were estimated by overlayng the micrographs
esent on the section).PEND
ABLE
ph Nod
Folli
ted for
291DISSEMINATION IN PRIMARY RECTAL INFECTIONTABLE 5
Quantitation of Infected Cells in Lymph Nodes in Rectally-Infected Animals
Macaque Location of LN
Surface of GC
(% of follicle)
Number of infected cells/mm2
GC
Follicle outside
of GC
Extrafollicular cortex
1 paracortex Medulla Whole LN
R7.3 paracolic 1 23.74 35 17 7 13 14
paracolic 2-7 ND 0 0 ,1 0 ,1
paracolic 8-12 ND 0 0 0 0 0
parajejunal 1-3 ND ,1 0 ,1 0 ,1
parajejunal 4-5 ND 0 0 ,1 0 ,1
parajejunal 6-15 ND 0 0 0 0 0
axillary 1-10 ND 0 0 0 0 0
R7.4 paracolic 1 26.28 576 45 35 56 73
paracolic 2 7.25 711 37 21 31 30
parajejunal 1 7.8 186 21 7 2 9
parajejunal 2 12.16 240 10 5 3 6
inguinal 1 6.66 255 16 7 3 7
inguinal 2 0 NA 32 5 8 6
inguinal 3 0 NA 40 6 9 9
axillary 1-3 ND 0 0 0 0 0
R7.5 paracolic 1 37.69 452 52 25 21 54
paracolic 2 33.58 445 28 0 0 25
axillary 1 25.27 24 6 13 20 14
axillary 2 24.3 4 5 3 5 4
R10.1 paracolic 1 (COL1) 23.92 305 131 109 50 111
paracolic 2 (COL1) 13.06 262 248 207 NA 222
paracolic 3 (COL1) 10.9 225 46 73 128 77
paracolic 4 (COL2) 6.09 0 9 37 17 25
paracolic 5 (COL2) 24.62 80 143 108 NA 112
paracolic 6 (COL2) 38.27 15 40 26 2 22
paracolic 7 (COL2) 25.4 18 44 25 18 25
parajejunal 1 11.3 65 44 38 9 33
parajejunal 2 6.67 27 5 12 3 8
parajejunal 3 6.16 11 27 32 1 14
parajejunal 4 2.14 0 51 24 6 29
inguinal 1-5 ND 0 0 ,1 0 ,1
axillary 1 ND 0 0 ,1 0 ,1
axillary 2 ND ,1 0 ,1 0 ,1
R10.2 paracolic 1 (COL1) 22.87 258 211 104 61 128
paracolic 2 (COL1) 34.59 454 272 233 132 230
paracolic 3 (COL2) 25.59 177 87 89 42 70
paracolic 4 (COL2) 22.13 88 58 51 72 62
paracolic 5 (COL2) 34.87 120 55 71 56 73
paracolic 6 (COL2) 34.19 86 33 35 13 24
parajejunal 1 28.79 297 38 52 NA 97
parajejunal 2 65.62 547 165 54 NA 171
parajejunal 3 14.46 138 23 0 NA 24
parajejunal 4 6.56 211 6 ,1 0 6
parajejunal 5 17.44 50 17 17 6 16
parajejunal 6 18.13 129 15 8 1 12
inguinal 1 13.06 48 1 0 1 3
inguinal 2 8.14 44 7 1 0 2
inguinal 3 0.72 0 12 2 NA 5
axillary 1 22.32 31 19 8 ,1 8
axillary 2 23.24 83 20 8 ,1 10
axillary 3 2 0 7 5 ,1 3
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TABLE 5
Macaque Location of LN
Surface of GC
(% of follicle) GC
R13 rectal 1 18.18 515
rectal 2 4 338
rectal 3 0 NA
paracolic 1 33 256
paracolic 2 10.26 228
paracolic 3 9.86 160
paracolic 4 ND 0
axillary 1 2.02 299
axillary 2 2.82 382
R14.3 paracolic 1 6.4 202
paracolic 2 0 NA
paracolic 3 5.34 307
parajejunal 1 0 NA
parajejunal 2 0 NA
inguinal 1 8.53 84
inguinal 2 5.7 302
inguinal 3 42.98 94
axillary 1 0 NA
axillary 2 0 NA
axillary 3 0 NA
axillary 4 0 NA
R14.4 paracolic 1 17.74 342
paracolic 2 13.99 217
paracolic 3 1.5 NA
paracolic 4 0 NA
paracolic 5 18.17 148
parajejunal 1 3.06 52
parajejunal 2 3.38 0
parajejunal 3 10.46 19
parajejunal 4 20.37 96
parajejunal 5 0 0
inguinal 1 7.46 66
inguinal 2 4.82 89
inguinal 3 2.56 88
inguinal 4 0.59 0
axillary 1 0 NA
axillary 2 5.75 58
axillary 3 4 42
Note. Infected cells were identified by in situ hybridization and count
ith a grid. ND not determined, NA not applicable (this structure wasational Institutes of Health Grant 1 R21 AI-42628–01 to C.B.REFERENCES
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